WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

C12N 9A0, 15/54, 5/10, A61K 35/12, 
A01K 67/027 



Al 



(11) International Publication Number: WO 98/07837 

(43) International Publication Date: 26 February 1998 (26.02.98) 



(21) International Appucation Number: PCT/AU97/00540 

(22) International filing Date: 22 August 1997 (22.08.97) 



(30) Priority Data: 
PO 1823 



23 August 1996 (23.08.96) 



AU 



(71) Applicant (for all designated States except US): THE AUSTIN 

RESEARCH INSTITUTE [AU/AU]; The Austin Hospital, 
Kronheimer Building, Studley Road. Heidelberg, VIC 3084 
(AU). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): SANDRIN, Mauro, Ser- 
gio [AU/AU]; 211 Barkley Street, Brunswick, VIC 3056 
(AU). McKENZIE, Ian, Farquhar, Campbell [AU/AU]; 359 
Brunnswick Road, Brunswick, VIC 3056 (AU). 

(74) Agent: SANTER, Vivien; Griffith Hack, 509 St Kilda Road, 
Melbourne, VIC 3004 (AU). 



(81) Designated States: AU, CA, JP, SG, US, European patent (AT, 
BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU. MC, 
NL, PT, SE). 



Published 

With international search report. 



(54) Title: IMPROVED NUCLEIC ACIDS FOR REDUCING CARBOHYDRATE EPITOPES 
(57) Abstract 

The invention relates to nucleic acids which encode a first glycosyltransferase which competes with a second enzyme for a substrate, 
thereby reducing the formation of a product of the second enzyme. The nucleic acids are useful in producing cells and organs with reduced 
antigenicity and which may be used for transplantation. 



BEST AVAILABLE COPY 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cote d' I voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/07837 



- 1 - 



PCT/AU97/00540 



IMPROVED NUCLEIC ACIDS FOR REDUCING CARBOHYDRATE EPITOPES 

The present: invention relates to nucleic acids 
which encode glycosyltransferase and are useful in 
5 producing cells and organs from one species which may be 
used for transplantation into a recipient of another 
species. Specifically the invention concerns production of 
nucleic acids which, when present in cells of a 
transplanted organ result in reduced levels of antibody 

10 recognition of the transplanted organ. 

The transplantation of organs is now possible due 
to major advances in surgical and other techniques. 
However, availability of suitable human organs for 
transplantation is a significant problem. Demand outstrips 

15 supply. This has caused researchers to investigate the 

possibility of using non-human organs for transplantation. 

Xenotransplantation is the transplantation of 
organs from one species to a recipient of a different 
species. Rejection of the transplant in such cases is a 

20 particular problem, especially where the donor species is 
more distantly related, such as donor organs from pigs and 
sheep to human recipients. Vascular organs present a 
special difficulty because of hyperacute rejection (HAR) • 
HAR occurs when the complement cascade in the 

25 recipient is initiated by binding of antibodies to donor 
endothelial cells. 

Previous attempts to prevent HAR have focused on 
two strategies : modifying the immune system of the host by 
inhibition of systemic complement formation (1,2) and 

3 0 antibody depletion (3,4). Both strategies have been shown 
to temporarily prolong xenograft survival. However, these 
methodologies are therapeutically unattractive in that they 
are clinically impractical and would require chronic 
immunosuppressive treatments. Therefore, recent efforts to 

35 inhibit HAR have focused on genetically modifying the donor 
xenograft. One such strategy has been to achieve high-level 
expression of species-restricted human complement 
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inhibitory proteins in vascularized pig organs via 
transgenic engineering (5-7). This strategy lias proven to 
be useful in that it has resulted in the prolonged survival 
of porcine tissues following antibody and serum challenge 
5 (5 # 6). Although increased survival of the transgenic 
tissues was observed, long-term graft survival was not 
achieved (6) . As observed in these experiments and also 
with systemic complement depletion, organ failure appears 
to be related to an acute antibody-dependent vasculitis 
10 (1,5). 

In addition to strategies aimed at blocking 
complement activation on the vascular endothelial cell 
surface of the xenograft, recent attention has focused on 
identification of the predominant xenogeneic epitope 
15 recognised by high-titre human natural antibodies. It is 
now accepted that the terminal galactosyl residue, Gal- 
ad, 3) -Gal, is the dominant xenogeneic epitope (8-15). 
This epitope is absent in Old World primates and humans 
because the a(l, 3 ) -galactosyl transferase (gal-transf erase 

2 0 or GT) is non-functional in these species. DNA sequence 

comparison of the human gene to a(l,3)- 

galactosyltransf erase genes from the mouse (16,17), ox 
(18), and pig (12) has revealed that the human gene 
contained two frameshift mutations, resulting in a non- 
25 functional pseudogene (20,21). Consequently, humans and Old 
World primates have pre-existing high-titre antibodies 
directed at this Gal-a(l, 3) -Gal moiety as the dominant 
xenogeneic epitope . 

It appears that different glycosyltransf erases 

3 0 can compete for the same substrate. Hence oc(l,2)- 

fucosyltransf erase or H transferase (HT) (22) could be an 
appropriate enzyme to decrease the expression of Gal- 
ad, 3) -Gal, as both the a(l,2) -fucosyltransf erase and the 
(X(l, 3) -galactosyltransf erase use N-acetyl lactosamine as an 
35 acceptor substrate, transferring fucose or galactose to 

generate fucosylated N-acetyl lactosamine (H substance) or 
Gal-0t(l,3)-Gal, respectively. Furthermore, the a(l,3)- 
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galactosyltransf erase of most: animals cannot use the 
fucosylated N-acetyl lactosamine as an acceptor to transfer 
the terminal galactose, but will only transfer to N-acetyl 
lactosamine residues (23) . We have previously reported that 
5 the simultaneous expression of two glycosyl transferases, 
oc(l, 2) -fucosyl transferase (H transferase) and a(l,3)- 
galactosyltransf erase, does not lead to equal synthesis of 
each monosaccharide, but the activity of the a(l,2)- 
fucosyltransf erase is given preference over that of the 

10 a(l, 3) -galactosyltransf erase, so that the expression of 
Gal-a(l, 3) -Gal is almost entirely suppressed (24). 

The a(l, 3 ) -galactosyltransf erase (Gal 
transferase) can galactosylate two types of precursor 
chains: Type Is Galfi ( 1, 3 ) GlcNAc and Type 2: 

15 Galp( 1,4) GlcNAc. 

Furthermore, both of these precursors can be 
transformed into H substance or fucosylated (3-D-Gal by two 
oc(l, 2 ) -fucosyltransf erases (25,26). These two 
fucosyltransf erases are H-transf erase or FUT1 (22) and 

20 secretor (Se) transferase or FTJT2 (27). While both enzymes 
can use both types of precursors, FUT1 HT preferentially 
utilises Type 2 precursor chains, and FUT2 preferentially 
utilises Type 1 (28) . 

In work leading up to the present invention the 

25 inventors set out to create a nucleic acid which would be 
useful in reducing unwanted carbohydrate epitopes on the 
surface of cells. The nucleic acid could be used in 
production of an organ which would cause reduced levels of 
rejection when transplanted into another species. The 

30 inventors surprisingly found that a glycosyltransf erase 
derived from porcine origin was useful in decreasing 
unwanted carbohydrate epitopes in cells. The enzyme 
encoded by the nucleic acid is able to compete effectively 
with glycosyltransf erases which produce unwanted 

3 5 carbohydrate epitopes. In this particular work the 

inventors cloned a secretor transferase (Se) gene from pig 
origin, and demonstrated that this is expressed in cells 
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and results in reduced levels of unwanted epitopes on those 
cells. The secretor transferase is referred to herein as 
M pig secretor" . 

5 Summary of the Invention 

In a first aspect the invention provides a 
nucleic acid encoding a first glycosyltransf erase which is 
able to compete with a second glycosyltransf erase for a 
substrate when said nucleic acid is expressed in a cell 
10 which produces said second glycosyltransf erase , resulting 
in reduced levels of a product from said second 
glycosyltransf erase . 

The nucleic acid may be DNA or RNA, single or 
double stranded, or covalently closed circular. It will be 
15 understood that the nucleic acid encodes a functional gene 
(or part thereof) which enables a glycosyltransf erase with 
the appropriate activity to be produced. Preferably the 
nucleic acid is in an isolated form; this means that the 
nucleic acid is at least partly purified from other nucleic 
20 acids or proteins - 

Preferably the nucleic acid comprises the correct 
sequences for expression, more preferably for expression in 
a eukaryotic cell. The nucleic acid may be present on any 
suitable vehicle, for example, a eukaryotic expression 
25 vector such as pcDNA (Invitrogen) . The nucleic acid may 
also be present on other vehicles, whether suitable for 
eukaryotes or not, such as plasmids, phages and the like. 

Preferably the first glycosyltransf erase is a an 
enzyme with a higher affinity for the substrate than said 
3 0 second glycosyltransf erase . More preferably said first 
glycosyltransf erase preferentially utilises Type 1 
substrates. Still more preferably said first 
glycosyltransf erase is Se (also known as FUT2) . Preferably 
the Se originates or is derived from, or is based on, Se 
35 from the same species as the cell in which it is intended 
to be expressed. Thus, the first glycosyltransf erase said 
the cell in which the enzyme is expressed may each 
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originate from animals of the same species. Such species 
may be pig, New World monkey, dog or other suitable 
species. The nucleic acid encoding Se is not necessarily 
directly derived from the native gene. The nucleic acid 
5 sequence for Se may be made by PCR, constructed de novo or 
cloned. 

More preferably Se is of porcine origin or based 
on the porcine enzyme. This means that the enzyme is based 
on, homologous with, or similar to native porcine Se. 

10 More preferably the nucleic acid sequence 

encoding Se is based on, or similar to a 1.3 kb DNA 
fragment derived from a pig genomic liver. More preferably 
the nucleic acid sequence encodes the amino acid sequence 
shown in Fig. 1. Still more preferably the nucleic acid 

15 sequence is that shown in Fig. 1. 

It is apparent that the Se gene is not expressed 
in porcine tissues which are of primary interest for 
transplantation. Thus Se is not expressed in heart, liver, 
kidney and pancreas, for example. Thus the invention 

20 includes the provision of expression of a gene in a tissue 
where it is not normally expressed, whereby expression 
results in reduced levels of unwanted carbohydrate epitopes 
in that tissue and renders an organ composed of that tissue 
more suitable for transplantation. 

25 The second glycosyltransf erase may be any enzyme 

which produces an unwanted carbohydrate epitope on the cell 
of interest. This will usually be Gal transferase. 

Preferably the cell which expresses the nucleic 
acid of the invention is a eukaryotic cell. More 

30 preferably it is a mammalian cell, still more preferably a 
New World monkey cell, even more preferably an ungulate 
cell (pig, sheep, goat, cow, horse, deer, camel, etc.) or a 
cell from other species such as dogs. Still more 
preferably the cell is a pig cell. 

35 in a related aspect the invention provides a 

nucleic acid encoding a first glycosyltransf erase which is 
able to compete with a second glycosyltransf erase when said 
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nucleic acid is expressed in a cell which produces said 
second glycosyltransferase, wherein said first 
glycosyltransf erase is able to utilise more than one 
substrate, resulting in reduced levels of product from said 
5 second glycosyltransferase. 

The greater substrate specificity of the first 
glycosyltransferase means that this enzyme is more 
efficient at converting substrate to the desired 
carbohydrate and more effective in reducing the ability of 

10 the second glycosyltransferase to produce unwanted 
carbohydrate epitopes. 

Preferably the first glycosyltransferase is Se, 
still more preferably the Se is as described above. 
Still more preferably the first 

15 glycosyltransferase has a higher affinity for one or more 
of its substrates than the second glycosyltransferase. 

The invention also extends to isolated proteins 
produced by the nucleic acid of the invention. It further 
extends to biologically or functionally active fragments of 

20 such proteins. 

In another aspect the invention provides a method 
of producing a nucleic acid encoding a first 
glycosyltransferase which is able to compete with a second 
glycosyltransferase for a substrate when said nucleic acid 

25 is expressed in a cell which produces said second 

glycosyltransferase, resulting in reduced levels of product 
from said second glycosyltgransf erase, said method 
comprising operably linking a nucleic acid sequence 
encoding a first glycosyltransferase to an appropriate 

30 vector or other nucleic acid in order to obtain expression 
of said first glycosyltransferase. 

Those skilled in the art will be aware of the 
techniques for producing the nucleic acid. Standard 
techniques such as those described in Sambrook et al may be 

35 employed. 

Preferably the nucleic acid sequences are the 
preferred sequences described above. 
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la another aspect the invention provides a method 
of reducing the level of a carbohydrate exhibited on the 
surface of a cell, said method comprising the step of 
causing a nucleic acid to be expressed in said cell wherein 
said nucleic acid encodes a first glycosyltransf erase which 
is able to compete for substrate with a second 
glycosyltransf erase and wherein said cell produces said 
second glycosyltransf erase which is capable of producing 
said carbohydrate. 

The cell may be any suitable cell, preferably 

those described above . 

The invention also extends to cells produced by 
the above method and organs comprising the cells. 

The nucleic acid of the invention may be present 
in the cell with another nucleic acid construct which also 
down- regulates production of unwanted carbohydrates in the 
surface of the cells, such as that disclosed in 
PCT/US95/07554, or that of an International application 
based on Australian provisional application PO1402 filed 2 
0 August 1996 in the name of The Austin Research Institute. 

In another aspect the invention provides a method 
of producing a cell from one species, such as a donor, 
which cell is immunologically acceptable to another species 
which is a recipient, comprising the step of reducing 
15 levels of carbohydrate on said cell which cause it to be 
recognised as non-self by the recipient species, said 
method comprising causing a nucleic acid to be expressed in 
said cell, wherein said nucleic acid encodes a first 
glycosyltransferase which is able to compete for a 
3 0 substrate with a second glycosyltransferase and wherein 

said cell produces said second glycosyltransferase which is 
capable of producing said carbohydrate. 

The cell may be from any of the species mentioned 
above. Preferably the cell is from a New World primate or a 
35 pig* More preferably the cell is from a pig. 

The invention also extends to non-human 
transgenic animals comprising or harbouring the nucleic 
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acid of the invention. 

In another aspect the invention provides an 
expression unit such as a retroviral packaging cell or 
retroviral packaging cassette, a retroviral construct or a 
5 retroviral producer cell which expresses the nucleic acid 
of the invention, resulting in a cell which is 
immunologically acceptable to an animal by having reduced 
levels of a carbohydrate on its surface, which carbohydrate 
is recognised as non-self by said animal. 

10 Preferably the animal is a human, ape or Old 

World monkey. 

The retroviral packaging cells or retroviral 
producer cells may be cells of any animal origin in which 
it is desired to reduce the level of carbohydrates on the 

15 cell surface to make it more immunologically acceptable to 
a host. Such cells may be derived from mammals such as 
c ani ne species, rodent or ruminant species and the like. 

The invention also extends to a method of 
producing a retroviral packaging cell or a retroviral 

20 producer cell having reduced levels of a carbohydrate on 

its surface, wherein the carbohydrate is recognised as non- 
self by an animal, comprising transforming/ transfecting the 
retroviral packaging cell or the retroviral producer cell 
with the nucleic acid of the invention under conditions 

25 such that the chimeric enzyme is produced. The "chimeric 

enzyme" means the enzyme encoded by the nucleic acid of the 
invention. 

The term "nucleic acid" refers to any nucleic 
acid comprising natural or synthetic purines and 
3 0 pyrimidines . 

The terms "originates", "based on", or "derived 
from" mean that enzyme is homologous to, or similar to, the 
enzyme from that species. 

The term "glycosyltransf erase" refers to a 
35 polypeptide with an ability to move carbohydrates from one 
molecule to another. 

The term "operably linking" means that the 
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nucleic acid sequences are ligated such that a functional 
protein is able to be transcribed and translated. 

The term "reducing the level of a carbohydrate" 
refers to lowering;, minimi sing, or in some cases, ablating 
5 the amount of carbohydrate displayed on the surface of the 
cell. Preferably said carbohydrate is in the absence of the 
first glycosyltransferase of the invention, capable of 
stimulating recognition of the cell as "non-self" by the 
immune system of an animal. The reduction of such a 

10 carbohydrate therefore renders the cell, or an organ 
composed of said cells, more acceptable to the immune 
system of an animal in a transplant situation or gene 
therapy situation. 

The term "causing a nucleic acid to be expressed" 

15 means that the nucleic acid is introduced into the cell 
(i.e. by trans format ion/ trans feet ion or other suitable 
means) and contains appropriate signals to allow expression 
in the cell. 

The term "immunologically acceptable" refers to 

20 producing a cell, or an organ made up of numbers of the 

cell, which does not cause the same degree of immunological 
reaction in the other species as a native cell from the one 
species. Thus the cell may cause a lessened immunological 
reaction, only requiring low levels of immunosuppression 

25 therapy to maintain such a transplanted organ or no 
immunosuppression therapy may be necessary. 

It is contemplated that the nucleic acid of the 
invention may be useful in producing the chimeric nucleic 
acids disclosed in an application based on Australian 

30 provisional application PO1402 filed 2 August 1996 in the 
name of The Austin Research Institute. 

The retroviral packaging cell and/or producer 
cells may be used in applications such as gene therapy. 
General methods involving use of such cells are described 

35 in PCT/US95/07554 and the references discussed therein. 
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Detailed Description of the Invention 

The invention will now be described by. way of 
reference only to tne following non- limiting figures and 
example . 

5 Fig 1 shows the nucleic acid sequence and corresponding 

amino acid sequence of porcine secretor. The rows in each 
panel represent pig, human and rabbit FUT2 and pig, human 
and rabbit FUTl from the top to bottom. 

Fig 2 shows the amino acid sequences of pig, human and 
10 rabbit glycosyltransf erases . 

Fig 3 shows a typical FACS profile of pig endothelial 
cells which express a(l,2) -fucosyltransf erase . 

Fig 4 is a dot blot showing the presence of a (1,2)- 
fucosyltransf erase in six offspring of mice injected with a 
15 transgenic construct. 

The work presented below is surprising in that the 
inventors had previously attempted to clone human secretor 
but were unsuccessful. A non -functional human pseudogene 
for secretor was cloned. This raised the question of 

2 0 whether other species such as pigs have a functional gene 

for secretor. The fact that the inventors were able to 
successfully clone the pig secretor gene and use it to down 
regulate unwanted epitopes was surprising. Because of the 
differences in blood group antigens between pigs and 
25 humans, it was not known whether pigs have secretor 

antigens. The cloning of a functional gene indicates that 
pigs do have the epitope produced by the secretor glue. 

Furthermore, although FUTl had been cloned, it did not 
permit the pig secretor gene to be isolated. FUTl and FUT2 

3 0 are sufficiently different in that probes based on the 

sequence of FUTl do not hybridise with that of FUT2 . 

Example 1 Cloning of Pig Secretor 

Cloning. The gene encoding the sequence for the human 
3 5 secretor gene (Sec2) (27) was cloned from human genomic DNA 
using a PGR strategy according to the published sequence, 
primers, and conditions. A pig genomic liver library in 



SUBSTITUTE SHEET (RULE 26) 



WO 98/07837 



PCT/AU97/00540 



- 11 - 

EMBL-3 (Clonetech Laboratories, Palo Alto, Ca) was screened 
using this human clone. Nine clones were obtained after 
screening 5xl0 5 plaques. Two of these were randomly chosen 
for further examination. Limited restriction mapping 
5 showed identical banding patterns for both clones, with a 
3.3 kb PstI fragment specifically hybridising with the 
human (Sec 2 a(l, 2 ) -fucosyl transferase) probe. This 
fragment (PSe 16.1 ) was sequenced using the ABX automated 
sequencer . 

10 For functional studies the coding segment of the 

genomic clone was subcloned into an expression vector. 
Utilising the polymerase chain reaction (PCR), and the Pig 
Se sequence as obtained above, 1048 bp gene product was 
derived using primers : 5' primer homologous to the 

15 5 ' OTR : 5 ' CAGAAGC TT ATGC TCAGCATGCAGGC in which the underlined 
sequence contains a unique Hind XXX site; 3' primer 
homologous to the 3'UTR: 5 ' -5 ' -GTCCTGCAGTGAGTGCTTAAGGAGTGG 
where the underlined sequence contains a PstX site. This 
PCR product was purified as above, digested with Hind III 

20 and PstI, ligated with similarly digested pcDNAl ( Invitrogen 
Corporation, San Diego, CA) , and then used to transform 
MC1061/P3. One clone, designated pPSeT, was selected for 
transf ections . Also used were pPGT, which encodes the cDNA 
for the porcine oc(l, 3 ) -galactosyltransf erase (19), and 

25 pPHT, which encodes the cDNA for the porcine "H n a(l,2)- 
fucosyl transf erase (33) . 

Transf ect Ion . COS cells were maintained in Dulbecco's 
modified Eagles Medium (DMEM) (Cytosystems Pty. Ltd., 
3 0 Castle Hill, NSW, Australia) . COS cells were transf ected 
using the DEAE-dextran method, using DMEM medium 
supplemented with Foetal Clone II (Hy clone Utah), and 48 h 
later cells were examined for cell surface expression. 

3 5 Serology* Direct fluorescence stainey of cell surface 
carbohydrate epitopes was performed with PITC or TRITC 
conjugated lectins: IB4 lectin isolated from Grlffonla. 
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simplici folia (Sigma, St* Louis, MO) detects Gal-oc(l, 3 ) -Gal 
and UEAI lectin isolated from Ulex europaeus (Sigma, and EY 
Laboratories, Inc., San Mateo, CA) detects H substance. H 
substance was also detected by indirect immunofluorescence 
5 using a monoclonal antibody (mAb) specific for the H- 
epitope (ASH-1952) developed at the ARI, and FITC 
conjugated goat ant i -mouse IgG (Zymed Laboratories, San 
Francisco, CA) used to detect murine antibody binding. 

10 Enzyme assays. Cells were washed twice with phosphate 

buffered saline and lysed in either 1% Triton XlOO/lOOmM 
Tris pH7.0 or 1% Triton XlOO/lOOmM sodium cacodylate pH 
6.5/25mM MnCl 2 at 4°C for 30 min, lysates centrifuged and 
the supernatant collected and stored at -70°C. Protein 

15 concentration was determined by the Bradford test, using 

bovine serum albumin as a standard; 5-20jig of cell extract 
was used per transferase assay. The assay for a— 
1, 2fucosyltransf erase involved mixing cell extracts and 
acceptor (75mM phenyl-|3-Dgalactoside (Sigma)) in SOjil 50mM 

20 MOPS (3- [N-Morpholino]propanesulphonic acid) pH 6.5; 20mM 
MnCl 2 ; 5mM ATP; 3uM GDP[ 14 C]-Fuc (specific activity 
287mCi/mmol, Amersham International pic, Amersham, UK) and 
incubation for 2h at 37°C. The reaction was terminated by 
the addition of ethanol, and the incorporated 14 C-Fuc 

25 determined by liquid scintillation counting after 

separation in Sep-Pak C18 cartridges ( Waters -Millipore, 
Millf ord, MA) . In all cases the parallel reactions were 
performed in the absence of added acceptor molecules, to 
allow for the calculation of specific incorporation. 

30 

Results 

Cloning of piflr FUT2 (Se) 

Two clones were obtained after screening 5x10 s 
plaques of a pig genomic liver library in EMBL-3 (Clonetech 
35 Laboratories, Palo Alto, Ca) with the cDNA fragment 
encoding the full length human FUT2 (27). Limited 
restriction mapping showed identical banding patterns for 
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both clones, with a 3.3 kb Pst X fragment specifically 
hybridising with the human FUT2 probe. This fragment was 
subcloned to generate the clone pSel6.1, which was 
sequenced. The complete nucleotide sequence of the pig 
5 FUT2 DNA contains 1269 bp of nucleotide sequence (Fig. 1): 
a 8 bp 5' untranslated (UT) region, an open reading frame 
of 1060 bp encoding a 340 amino acid protein with the 
initiation codon being nucleotide 9, succeeded by 156 bp of 
3'UT. The predicted protein sequence of the pig FUT2 

10 suggests a type XX integral membrane protein, typical of 
other glycosyltransf erases . There are three distinct 
structural features of the predicted protein: (i) a short 
(4 amino acid) amino- terminal cytoplasmic tail; (ii) a 
putative transmembrane region composed of 21 hydrophobic 

15 amino acids (residues 5-26), flanked on either side by 
charged amino acid residues; (iii) a 314 amino acid 
carboxyl- terminal domain which contains three potential NT- 
linked glycosylation sites. 

Comparison of the amino acid sequences of pig 

2 0 FUT2 with the human (22,27) and rabbit (29) oc(l,2)- 

fucosyltransf erases shows the highest identity with the Se 
transferase rather than the H transferase (Fig. 2) : the pig 
FUT2 shows 83.2% identity with human FUT2 , 74.1 % identity 
with rabbit FUT2, 58.5% identity with pig FtJTl, 57.1% 

25 identity with human FUT1, and 58.8% identity with rabbit 

FUT1. We note that the highest sequence identity is in the 
carboxyl portion of the molecule, which contains the 
catalytic domain (30). 

The pig FUT2 nucleotide sequence shows about 36% 

30 homology with human FUT1. 

Expression of H substance after trans feet ion with pig FUT2 

The 1.3 kb Pst I fragment containing the coding 
sequence was subcloned into the COS cell expression vector 
35 pCDNA-1 (Invitrogen Corporation San Diego, CA) . COS cells 
transfected with the cloned genomic DNA encoding the pig 
FUT2 expressed H substance, as indicated by staining with 
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fluoresceinated UEA I lectin, which detects H substance 

(31) (~65% positive as shown in Table 1) . After 
transfection with the pig FUT1 cDNA clone similar staining 
was observed while no staining was seen with the reagent on 

5 COS cells transfected with the cDNA for the pig a(l,3)- 
galactosyltransf erase (19). In contrast, staining with 
fluoresceinated XB4 lectin, which detects Gala (1,3) Gal 

(32) , was detected on COS cells transfected with pig 

0t(l, 3) -galactosyltransf erase cDNA but not with the pig FUT1 
10 or FUT2 DNA. 



Table 1 . Cell surface staining of iransfected COS cells. 



Transfeclinn with cDNA encodin°l 


% Staimna 






URA1 


[B4 




75 


0 


+ 




+ 


68 


0 


+ 


0 


65 


+ - + 


72 


8 


+ + 


73 


9 


+ + + 


76 


<! 
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Enzymatic studies 

Cell lysates prepared from COS cells trans fee ted 
with pPUT2 and pFUTl were assayed for a(l,2)- 
5 fucosyltransf erase activity. Using mock -trans fee ted COS 
cells to show baseline activity (1.1 nmol hrSng' 1 ) , 
significant a(l, 2 ) -fucosyl transferase activity was observed 
in lysates from both pFUT2 (151.1 nmol hr'Sng" 1 ) and pFUTl 
(140.0 nmol hr'Sng" 1 ) transfected COS cells, but not in ppGT 
10 transfected COS cells (6.7 nmol hr^mg" 1 ) . The enzyme 

activity measured in these lysates reflects the expression 
of H substance on the cell surface as shown in Example 2 • 

Cotrans feet ion of COS cells 

15 COS cells transfected with the pig a(l,3)- 

galactosyltransf erase cDNA clone expressed Gal-cx( 1, 3 ) -Gal 
as indicated by reactivity with the IB4 lectin (65% of 
cells reactive) (Table 1) . COS cells was also able to 
express H substance, as after transfection with either the 

20 pig FUT2 or FXJTl clones they stained with the UEAI lectin 
(68 and 75% of cells respectively reactive. Table 1). 
However, when the COS cells were simultaneously transfected 
with the pig a(l, 3) -galactosyltransf erase cDNA clone and 
either pig FUT2 or pig FUT1, and examined for cell surface 

25 staining of either carbohydrate, the cells predominantly 
expressed H substance (72% of cells positive. Table 1), 
compared with B% of cells expressing Galot(l, 3 ) -Gal (Table 
1) . When both pig FUT2 and pig FUTl were cotransf ected 
together with the pig a(l, 3 ) -galactosyltransf erase cDNA, 

3 0 only one H substance was detected (7 6%) and <X% Gala (1,3)- 
Gal (Table 1) . This reduction observed using FUTl and FUT2 
was specific and not due to amount of DMA used for 
transfection, because using twice the amount of DNA for 
either FUTl or FUT2 alone had no effect on the expression 

35 of Gala(l,3)-Gal- Thus expression of both FUT2 and FUTl 
resulted in a major decrease in expression of Galot(l,3)- 
Gal. 
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Example 2 Enzyme Kinetics 

Cell lysates prepared from COS cells transfected 
in the manner described in Example 1 with pFUT2 (pig Se) , 
5 pFUTl (pig H transferase) , or with vector alone were 

assayed for a(l , 2 ) - fucosyltransf erase activity, and the 
kinetic values were calculated. The Km values (reflecting 
the affinity for substrate) obtained for pFUTl, and pFUT2 
are shown in Table 2. These values were compatible with 
10 those of human and rabbit homologues that have been 
reported. 

The respective Km values obtained for pFUTl, and 
pFUT2 with various substrates were: 

(a) Gal(3(l,3)GlcNAc (Type I): 6.0roM for pFUTl and 1.3 
15 mM for pFUT2 . 

The Km values reported for rabbit FUT1 and rabbit 
FUT2 were 3 - ImM and 1.5mM respectively (34) and 2mM and ImM 
for human FUTl and human FUT2 respectively (35) . 

(b) Galp(l,4)GlcNAc (Type II): 3.7mM for pFUTl and 
20 4.4mM for pFUT2 . 

The Km values reported for rabbit FUTl, and 
rabbit FUT2 were 4.2mM and 6.7mM respectively (34) and 
1.9mM and 5.7mM for human FUTl and human FUT2 respectively 
(37) . 

25 (c) Galp(l,3)GalNAc (Type III): 14mM for pFUTl and 

for pFUT2 0 . 2mM. 

The Km values reported for rabbit FUTl, and 
rabbit FUT2 were 5.8mM and ImM respectively (34). 

(d) Gal(i (1, 4) Gal: 4.2mM and 1.5mM for pFUTl and pFUT2 
3 0 respectively. 

(e) Galp (l,4)Glc, 1.9mM and 7.4mM for pFUTl and pFUT2 
re spec t i ve ly . 

Thus, pFUTl can be distinguished from pFUT2 on 
35 the basis of substrate preference; pFUTl is relatively 

specific for type II and type IV substrates, while pFUT2 
(and other Secretor homologues), although having greater 
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affinity for type I and III acceptors , will use other 
substrates - 

Table 2. Enzyme Kinetics of pFTJTl and pFUT2 

5 

Apparent Km of pig Ct(l, 2 ) -fucosyltransf erases, 
pFUTl (H type) and pFUT2 (Secretor type), obtained with 
various substrates • 



10 Km 

Substrate pFUTl pFUT2 

(Km in znM) 

Type I Galp(l,3)GlcNAc 6.0 1.3 

Type II Gaip<l,4)GlcNAc 3.7 4.4 

15 Type III GaiP(l,3)GalNAc 14 0.2 

Type IV Galp(l,4)Gal 4.2 1.5 

Lactose Galp(l,4)Glc 1.9 7.4 



Example 3 Generation of pig endothelial cells expressing 
20 chimeric a (1,2) -fucosyltransf erase 

The pig endothelial cell line PIEC expressing the 
Secretor type a(l, 2) -fucosyltransf erase were produced by 
lipof ectamine transfection of pFUT2 plasmid DNA (20 fig) and 
PSV2NEO (2 |ig) . Cells with stable integration were 
25 selected by growing the trans fee ted PIEC in media 

containing G418 (500 ug/ml; Gibco-BRL, Gaithersburg, MD) . 

Fourteen independant clones were examined for 
cell surface expression of H substance by staining with 
UEA-1 lectin. >9S% of cells of each of these clones were 
30 found to be positive: Fig. 3 shows a typical FACS profile 
obtained for these clones. 

Example 4 Production of the transgenic construct, 
purif ication, and microinjection . 
35 A 1023 bp NruI/NotI DNA fragment, encoding the 

full length pFUT2 was generated utilising the Polymerase 
Chain Reaction and the phHT plasmid (36) using the primers: 
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5' primer homologous to the 5'UTR: 
5 ' - CATGCGGCC GC TCAGTGCTT AAGGAGTGGGGAC - 3 ' . 
The underlined sequence contains a unique Nrul site; 
3' primer homologous to the 3'UTR: 
5 5'- GAGTCGCGAATGCTCAGCATGCAGGCATCTTTC - 3 ' 

The underlined sequence contains a Not I site. 

The DMA was purified on gels before being 
electroeluted and subcloned into a NruX/Notl cut genomic H- 
2K** containing vector (38) , resulting in the plasmid clone 

10 (pH-2K t> -pFXJT2) encoding the pFUT2 gene directionally cloned 
into exon 1 of the murine H-2K b gene. This produced a 
transcript that commences at the H-2K** transcriptional 
start site, continuing through the pFUT2 cDNA insert. The 
construct was engineered such that translation would begin 

15 at the initiation codon (ATG) of the pFUT2 cDNA and 
terminate at the stop codon (TGA) 1023bp downstream. 

DMA was prepared for microinjection by digesting 
pH-2K b -pFUT2 with Xhol and purification of the H-2K b -pFUT2 
DMA from the vector by electrophoretic separation in 

2 0 agarose gels, followed by extraction with chloroform, and 

precipitation in ethanol to decontaminate the DNA. 
Injections were performed on the pronuclear membrane of 
(C57BL/6xSJL) Fi zygotes at concentrations between 2-Sng/p.l, 
and the zygotes were then transferred to pseudopregnant 
25 (C57BIi/6xSiTL)Fi females. 

Screening for the trans&ene 

The presence of the transgene in live offspring 
was detected by dot blotting. 5|lg of genomic DNA was 

3 0 transferred to nylon filters said hybridized with the insert 

from pFUT2, using a final wash comprising O.lxSSC/1% SDS at 
68°C. Fig 4 shows the results of testing 16 live 
offspring, of which six were found to have the transgenic 
construct integrated into the genome. Expression of 
3 5 transgenic protein is examined by haemagglutination and 
fucosyltransferase activity. 
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It will be apparent to the person skilled in the 
art that while the invention has been described in some 
detail for the purposes of clarity and understanding, 
5 various modifications and alterations to the embodiments 
and methods described herein may be made without departing 
from the scope of the inventive concept disclosed in this 
specification. 

References cited herein are listed on the 
10 following pages, and are incorporated herein by this 
reference . 
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CLAIMS 

1. a nucleic acid encoding a first 

5 glycosyltransferase which is able to compete with a second 
glycosyl transferase for a substrate when said nucleic acid 
is expressed in a cell which produces said second 
glycosyltransferase, resulting in reduced levels of a 
product from said second glycosyltransferase. 
10 2. A nucleic acid according to claim 1, wherein the 

first glycosyltransferase is an enzyme with a higher 
affinity for the substrate than said second 
glycosyltransferase . 

3. A nucleic acid according to claim 1 or claim 2, 
15 wherein the first glycosyltransferase preferentially 

utilises a Type 1 substrate. 

4. A nucleic acid according to claim 3, wherein the 
first glycosyltransferase is Se (FUT2) . 

5. A nucleic acid according to claim 4, wherein the 
20 nucleic acid sequence encoding Se is based on, or similar 

to a 1.3 kb DMA fragment derived from a pig genomic liver. 

6. A nucleic acid according to claim 5, encoding the 
amino acid sequence shown in Fig 1* 

7. A nucleic acid according to claim 6, having the 
25 sequence shown in Fig 1. 

8 . A nucleic acid according to any one of claims 1 
to 7, wherein the second glycosyltransferase is an enzyme 
which produces an unwanted carbohydrate epitope on the 
cell. 

30 9. A nucleic acid according to claim 8, wherein the 

second glycosyltransferase is Gal transferase. 

10. A nucleic acid according to any one of claims 1 
to 9, wherein the first glycosyltransferase and/or the cell 
originate from a mammal selected from the group consisting 

35 of primates, ungulates and dogs. 

11. a nucleic acid according to any one of claims 1 
to 10, wherein the mammal is a pig. 
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12 . A nucleic acid according to any one of claims 1 

to 11 , wherein said first glycosyltransf erase is able to 
utilise more than one substrate, resulting in reduced 
levels of product from said second glycosyltransf erase . 
5 13. A nucleic acid encoding a first 

glycosyltransf erase which is able to compete with a second 
glycosyltransf erase when said nucleic acid is expressed in 
a cell which produces said second glycosyltransf erase, 
wherein said first glycosyltransf erase is able to utilise 

10 more than one substrate, resulting in reduced levels of 
product from said second glycosyltransf erase • 
14. A nucleic acid according to claim 13, wherein the 

first glycosyltransf erase has a higher affinity for one or 
more of its substrates than the second glycosyltransf erase . 

15 15. A nucleic acid according to claim 14, wherein the 

first glycosyltransf erase is Se. 

16. A vehicle comprising a nucleic acid according to 
any one of claims 1 to 15, selected from the group 
consisting of an expression vector, a pcDNA, a plasmid and 

2 0 phage . 

17. A vehicle according to claim 16, which enables 
said nucleic acid to be expressed in prokaryotes or in 
eukaryotes . 

18. An isolated protein or functionally active 

25 fragment thereof, produced by expression of the nucleic 
acid according to any one of claims 1 to 15. 

19 . A method of expressing a gene encoding a 
glycosyltransf erase in a tissue where said gene is not 
normally expressed, comprising the step of introducing said 

3 0 gene into cells of said tissue, whereby expression results 

in reduced levels of unwanted carbohydrate epitopes in the 
tissue and renders an organ composed of that tissue more 
suitable for transplantation. 

20. A method according to claim 19, wherein the gene 
3 5 is the Se gene and the tissue is selected from the group 

consisting of pig heart, liver, kidney and pancreas. 

21. A method of producing a nucleic acid encoding a 
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first glycosyltransf erase which is able to compete with a 
second glycosyltransf erase for substrate when said nucleic 
acid is expressed in a cell which produces said second 
glycosyltransf erase, resulting in reduced levels of product 
5 from said second glycosyltransf erase, said method 
comprising operably linking a nucleic acid sequence 
encoding a first glycosyltransf erase to a vector or nucleic 
acid in order to obtain expression of said first 
glycosyltransf erase . 

10 22. A method of reducing the level of a carbohydrate 

exhibited on the surface of a cell, said method comprising 
causing a nucleic acid to be expressed in said cell wherein 
said nucleic acid encodes a first glycosyltransf erase which 
is able to compete for a substrate with a second 

15 glycosyltransf erase and wherein said cell produces said 
second glycosyltransf erase which is capable of producing 
said carbohydrate - 

23. A cell or organ produced according to the method 

of claim 22. 

20 24. A nucleic acid according to any one of claims 1 

to 15, further comprising a nucleic acid construct which 
also down-regulates production of unwanted carbohydrates on 
the surface of said cell. 

25. A method of producing a cell from a donor 

25 species, which cell is immunologically acceptable to a 

recipient species, comprising the step of reducing levels 
of carbohydrate on said cell which cause it to be 
recognised as non-self by the recipient species, said 
method comprising causing a nucleic acid to be expressed in 
3 0 said cell wherein said nucleic acid encodes a first 
glycosyltransf erase which is able to compete for a 
substrate with a second glycosyltransf erase and wherein 
said cell produces said second glycosyltransf erase which is 
capable of producing said carbohydrate. 
35 26. A non-human transgenic animal, comprising a 

nucleic acid according to any one of claims 1 to 15 . 
27 . An expression unit which expresses the nucleic 
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acid according to any one of claims 1 to 15 , resulting in a 
cell which is immunologically acceptable to an animal as a 
result of having reduced levels of a carbohydrate on its 
surface, which carbohydrate is recognised as non-self by 
5 said animal. 

28. An expression unit according to claim 27, 

selected from the group consisting of a retroviral- 
packaging cell, a retroviral packaging cassette, a 
retroviral construct and a retroviral producer cell. 

10 29. A method of producing a retroviral packaging cell 

or a retroviral producer cell according to claim 28, having 
reduced levels of a carbohydrate on the cell surface 
wherein the carbohydrate is recognised as non-self by an 
animal, comprising the step of transforming or transfecting 

15 said cell with the nucleic acid according to any one of 
claims 1 to 15, under conditions such that a chimeric 
enzyme encoded by the nucleic acid is produced. 
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